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Abstract We reviewed the sonographic and MRI findings
of tracheolaryngeal obstruction in the fetus. Conditions that
can cause tracheolaryngeal obstruction include extrinsic
causes such as lymphatic malformation, cervical teratoma
and vascular rings and intrinsic causes such as congenital
high airway obstruction syndrome (CHAOS). Accurate
distinction of these conditions by sonography or MRI can
help facilitate parental counseling and management, includ-
ing the decision to utilize the ex utero intrapartum treatment
(EXIT) procedure.
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Introduction
Fetal tracheolaryngeal obstruction is a life-threatening
condition with substantial morbidity and mortality. If
unrecognized before delivery, the reported mortality is
80% to 100% [1]. Lifelong morbidity can result from
emergency resuscitation accompanied by hypoxia, acidosis
and anoxic brain injury. Causes of fetal tracheolaryngeal
obstruction can be classified as extrinsic or intrinsic [2].
Extrinsic obstruction might be caused by adjacent tumors
such as lymphatic malformation, cervical teratoma or
compression by a vascular ring. Intrinsic obstruction can
also occur, leading to the constellation of findings known as
congenital high airway obstruction syndrome (CHAOS).
Prenatal imaging recognition and evaluation of fetal
tracheolaryngeal obstruction has become increasingly
important because the recently described ex utero intra-
partum treatment (EXIT) procedure can be used to
deliver affected fetuses by cesarean section under deep
maternal and fetal anesthesia, allowing for safe airway
control and management and greatly improving outcome.
MRI is a useful means of imaging the anatomy of the
fetal airway [3]( F i g .1). Accordingly, the purpose of this
pictorial essay is to review the sonographic and MRI
findings of tracheolaryngeal obstruction in the fetus by
describing the findings in intrinsic and extrinsic causes of
obstruction and reviewing the associated management
options.
Intrinsic tracheolaryngeal obstruction
Congenital high airway obstruction syndrome (CHAOS) is
a rare form of intrinsic obstruction of the larynx or trachea
that results in retention of bronchial secretions and
subsequent pulmonary distention from the retained fluid
[4]. Obstruction of the airway in CHAOS might be related
to intrinsic atresia or stenosis of the larynx or upper trachea
[4]. This obstruction leads to the constellation of pulmonary
and extra-pulmonary findings. Pulmonary findings include
dilated airways below the level of obstruction, hyper-
expanded lungs and flattened diaphragms. Extra-
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placentomegaly. Although the exact etiology is not clear, it
is believed that hyperexpansion of the lungs results in
flattening or eversion of the diaphragm. This abnormal
hyperexpansion of the lungs is believed to cause impaired
venous return to the heart. It has been proposed that this
impaired venous return leads to the subsequent develop-
ment of fetal hydrops and ascites [4, 5].
Sonographic findings of CHAOS have been well
described [4–6], and these findings can also be recognized
on MRI [5] (Figs. 2 and 3). MRI nicely depicts the findings
that constitute CHAOS such as dilated airways below the
level of obstruction, hyperexpanded and T2 hyperintense
lungs, flattened or everted diaphragm, and fetal ascites [5].
Furthermore, MRI can help to better localize the level of
obstruction [7–9]. Correct localization helps guide the
decision between fetal versus neonatal intervention with the
EXIT procedure [7, 9]. There is also potential prognostic
indication for the success of the EXIT procedure, as
obstruction low in the thoracic trachea has been described
with failed EXIT procedure [7].
Extrinsic tracheolaryngeal obstruction
Cervical teratoma
The head and neck is the second commonest site of
teratoma in the fetus [1]. These masses typically consist
of both cystic and solid components and originate from the
palate, nasopharynx or thyrocervical area (Fig. 4). If
Fig. 1 Sagittal single-shot fast-spin echo (SSFSE) T2-W image
depicts a normal upper airway in a fetus at 29 weeks’ gestation. The
aryepiglottic folds are well visualized (white arrow)
Fig. 2 MRI findings of CHAOS. a Coronal SSFSE T2-W image obtained
in a 24-week 6-day fetus with suspected laryngeal atresia on prior level II
US demonstrates expanded homogeneous lungs with flattened diaphragm
(black arrow). The liver (asterisk) is surrounded by ascites. The trachea
(white arrow) is also visible. b Sagittal SSFSE T2-W image of the same
fetus demonstrates expanded lungs (asterisk) with intraperitoneal ascites
(black arrow). The trachea (white arrow) and proximal mainstem bronchi
are prominent and fluid-filled. The constellation of findings is highly
suggestive of CHAOS. c Coronal gray-scale sonographic images demon-
strate echogenic lungs (L). Flattening of the diaphragm is also appreciated
(white arrowheads). Intraperitoneal ascites (asterisk)i sa l s op r e s e n t .A n
EXIT procedure was performed with successful fetal tracheostomy. Post-
natal laryngoscopy demonstrated laryngeal atresia secondary to underlying
fusion of the false vocal cords
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however, these are present only in approximately 50% of
cases and might not be conspicuous on US or MRI [1].
Polyhydramnios is a common and important associated
finding seen with cervical and oral teratomas and is the
result of direct mass effect, because swallowing can be
compromised by occlusion of the mouth or compression of
the esophagus [1].
Lymphatic malformation
Lymphatic malformations are composed of cystic lymphatic
spaces, possibly secondary to local failure of lymphatic
connections during development. Lymphatic malformations
often are complicated by hydrops, likely caused by
compression of neck vessels. Chromosomal anomalies are
present in 30–70% of fetuses [4]. Sonographic features
overlap with teratomas, especially when the tumor is large;
however, lymphatic malformations generally appear as
septated fluid-filled collections with rare solid components
(Figs. 5 and 6). A predominantly solid or a cystic lesion
with solid nodules, however, favors the diagnosis of
teratoma. Location can also be helpful in differentiation of
these lesions. Lymphatic malformations often arise posteri-
orly, and cervical teratomas are typically located anteriorly.
The less common axillary lymphatic malformation can also
achieve great size and is multiseptated but is more laterally
located and involves the axilla and lateral chest wall [1].
Intrathoracic extension of the lesion favors the diagnosis of
lymphatic malformation [5], and these lesions often
insinuate between multiple planes. Other rare neck masses
within the differential diagnosis include goiter, hemangioma,
neuroblastoma and soft-tissue tumors [1].
Vascular anomalies
Extrinsic compression from vascular rings including double
aortic arch has been described as resulting in significant
airway obstruction leading to features mimicking CHAOS
[2] (Fig. 7). Double aortic arch is a relatively common
congenital anomaly of the aortic arch system resulting from
failed regression of the fourth pharyngeal arch arteries.
Postnatal symptoms develop because of compression of the
trachea and esophagus, which are encircled by the left and
right aortic arches. This entity classically manifests as noisy
breathing during the first few weeks of life. Critical review
of imaging findings in apparent CHAOS cases is necessary
on prenatal sonography. Atypical features should lead to
further imaging with fetal MRI or fetal echocardiography,
which can help to identify and characterize extrinsic
vascular anomalies. Recognition that double aortic arch or
other cause of vascular rings including right aortic arch
with aberrant left subclavian artery can mimic CHAOS on
prenatal sonography might prevent misdiagnosis and
facilitate appropriate treatment [2].
Fig. 4 Sagittal SSFSE T2-Wimage in a 30-week fetus with complex neck
mass on level II US demonstrates a large cystic and solid mass arising from
the anterior neck and upper chest extending superiorly to the right face and
right orbit. There is severe stenosis of the subglottic region of the larynx
(arrow). An EXIT procedure was subsequently performed on this patient
and due to its extensive involvement, the mass was resected at the time of
the procedure in order to establish an adequate airway
Fig. 3 Coronal SSFSE T2-W
image in a fetus at 25 weeks
1 day gestational age with pol-
yhydramnios and fetal hydrops
on US. This exam demonstrates
a focal area of obstruction
at the level of the larynx (white
arrowhead) with dilation of the
airways below the level of the
obstruction (white arrow). There
is flattening of the diaphragm
(black arrow). Fetal ascites
(asterisk) is also visible. Fetal
bronchoscopy was performed at
27 weeks where a laryngeal web
was discovered and lysed. EXIT
procedure was performed at
35 weeks 5 days with bron-
choscopy and tracheotomy
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With the use of the ex utero intrapartum treatment (EXIT)
procedure, a marked improvement in survival can now be
accomplished. The EXIT procedure involves partial delivery
of the fetus via a hysterotomy while both the placenta
and umbilical cord remain intact. Halogenated agents are
administered to the mother in order to promote uterine
relaxation [4]. The fetus remains hemodynamically stable,
as the uteroplacental gas exchange is maintained. Mean
times of hemodynamic stability have ranged from 18 to
45 min [1]. This allows for a controlled environment to
manage the airway, as opposed to a more emergent attempt
at airway access at birth [1] .Ac o m m o ns t r a t e g yi st of i r s t
attempt intubation via direct laryngoscopy. If the airway is
not adequately visualized then rigid bronchoscopy is
attempted. If an endotracheal tube is unable to be passed,
tracheotomy is the final option [4]. Although the EXIT
procedure was initially developed to deliver fetuses with
congenital diaphragmatic hernia after tracheal occlusion
[4], it has also demonstrated success in the treatment of
fetuses with obstructing neck masses and cleft lip and
palate [1, 10–12].
In a study by Wagner and Harrison [11], an airway
was established in 79% of the 29 cases reviewed using the
EXIT procedure, with an overall survival rate of 69%.
Another study with 13 patients treated with the EXIT
procedure for obstructive neck masses resulted in only one
death [1]. Successful management of CHAOS has been
achieved with a combination of fetal tracheostomy and
delivery using the EXIT procedure [3, 11]. Fetal MRI has
demonstrated its value in the facilitation of treatment
planning in fetal upper airway obstruction. With a large
field of view and high soft-tissue contrast, MRI can
Fig. 5 Sagittal SSFSE T2-W image demonstrates a multiseptated T2
hyperintense mass in the anterior neck (arrow) resulting in mass effect on
the subglottic upper airway. Although not hyperexpanded, the lungs do
demonstrate hyperintense T2-W signal. This was found to be a lymphatic
malformation following resection
Fig. 6 Lymphatic malformation. a 3-D sonographic image in a 25-week
fetus with suspected neck mass on prior US at an outside facility
demonstrates a mass arising from the left lateral aspect of the fetal neck.
b Sagittal SSFSE T2-W image in the same patient as Fig. 7 obtained at
31 weeks demonstrates a multiseptated T2 hyperintense mass in the
anterior neck (black arrow) with extension into the anterior mediasti-
num (white arrows), most consistent with lymphatic malformation.
Secondary signs of airway obstruction were not present. c Axial SSFSE
T2-W image demonstrates a cystic retropharyngeal component of the
multiseptated mass (black arrows) that displaces the oropharynx (white
arrows) anterolaterally. Hydrops of the soft tissues posterior to the
cervical spine (asterisk) is also seen. This baby died shortly after birth
Pediatr Radiol (2010) 40:1800–1805 1803produce images that are easily understood by clinicians.
Prenatal MRI can be used to delineate tumor extent,
evaluate facial involvement and demonstrate the relation-
ship of the mass to the trachea. Similarly, prenatal MRI
can be used to confirm the diagnosis of CHAOS prior to
undertaking fetal surgery [4].
Conclusion
The accurate prenatal diagnosis of upper airway obstruc-
tion is essential in order to provide appropriate manage-
ment of this condition. The use of fetal MRI allows
exquisite definition of fetal anatomy and facilitates
treatment planning. The EXIT procedure has also
demonstrated success in the treatment of intrinsic and
extrinsic airway obstruction.
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